press DTC migration defects in mig-17(k174), a putative null allele that has a termination codon in the prodomain (Figure 2A ). The DTCs in mig-17 mutants migrate over the ventral body wall muscle in a normal manner, but the migration path deviates from the normal route after the Yukihiko Kubota, Rie Kuroki, and Kiyoji Nishiwaki* RIKEN Center for Developmental Biology Chuo-ku Kobe 650-0047 Japan first turn; it often meanders on the lateral hypodermis or dorsal muscle ( Figure 1C ; Figure 2A ). The two fbl-1 mutations, k201 and k206, strongly suppressed all of Summary these phenotypes associated with mig-17(k174) mutants (Figures 1D and 1E ; Figure 2A ). They also sup-ADAM (a disintegrin and metalloprotease) family propressed mig-17 missense mutations k135 and k169, teins play important roles in animal development and indicating that the suppression is not specific for migpathogenesis (Figmigration, we investigated suppressor mutations that ure 2B). When we introduced extrachromosomal arrays can suppress the defects of DTC migration in mig-17 containing multicopy fbl-1(k201) or fbl-1(k206) mutant mutants. We found that these suppressor mutations genes into mig-17 mutants, they partially suppressed were alleles of fbl-1, a gene encoding fibulin-1 homologs.
gest that the gain-of-function and wild-type FBL-1 proteins have opposite effects on DTC migration and that they exhibit dose-dependent competition in the absence of MIG-17; that is, wild-type FBL-1 interferes with directed DTC migration, whereas mutant FBL-1 allows it.
The fbl-1 Deletion Mutant Is Defective in Gonad Development
To further examine the function of fbl-1, we isolated deletion mutants with the trimethylpsoralen and UV irradiation method [14, 15] (see Experimental Procedures). The fbl-1(tk45) mutation is a 358 bp deletion from the last nucleotide of the fourth exon into the fourth intron; it is predicted to introduce a stop codon shortly after the coding region of the first EGF-like motif ( Figure 3A) . The fbl-1(tk45) hermaphrodites had severe defects in gonad morphology and were sterile. Although tk45 animals were somewhat dumpy, they showed essentially normal sinusoidal movement. In the tk45 mutants, the proximal arms of the gonads gradually distended after the first turn of the DTCs and became very thick late in the L4 stage ( Figures 4A-4D ). The anterior DTCs often failed to make the first turn, and the posterior DTCs migrated erratically after the first turn and ceased migration halfway along the dorsal muscle after the second turn ( Figures 4C and 4D) . The germline cells broke out of the gonad and spread into the body cavity in older adults ( Figures 4E and 4F ). These phenotypes were fully rescued by introducing wild-type fbl-1 genomic DNA as a transgenic array. Also, the phenotypes of tk45/eDf19 animals were similar to those of tk45 homozygotes (data not shown), suggesting that tk45 could be a null allele. Double mutants of mig-17(k174) and fbl-1(tk45) had DTC phenotypes indistinguishable from those of tk45 single mutants, indicating that tk45 does not suppress mig-17 and vice versa. Thus, mutant FBL-1 proteins must be expressed for suppression of mig-17 to occur.
The germline leakage phenotype has been reported for mutations in laminin subunit genes and is suggested to be a consequence of basement membrane defects [16] . This phenotype is similar to the disruption of blood vessels in fibulin-1-deficient mice [17] . It is likely that depletion of the FBL-1 protein affects the flexibility or strength of the gonadal basement membrane so that it However, the fbl-1(k201) array had no effect on fbl-5A and 5B). These expression patterns were especially evident in late embryos and early larvae. The expression 1(k201); mig-17(k174) animals. These observations sug- Venus fusion genes were constructed by inserting PCR-amplified tk51, isolated independently. Since the fbl-1 mutations seemed to be semidominant gain-of-function mutations, we reasoned that the Venus-encoding fragments into the positions immediately before the termination codons of the fbl-1C and fbl-1D coding regions, mutant fbl-1 genes would be able to suppress mig-17 defects when they were introduced as transgenes. As expected, extrachromorespectively. The fbl-1C::Venus(k201) and fbl-1C::Venus(k206) genes were constructed by replacing the ApaI-BalI fragment of fbl-1C:: somal arrays containing multiple copies of the mutant F56H11.1 genes from either the fbl-1(k201) or fbl-1(k206) genomic DNAs supVenus with ApaI-BalI PCR-amplified fragments of the mutant genomic DNAs. The fbl-1(k201) or fbl-1(k206) mutant genes were similarly pressed the DTC migration defects of mig-17. The JK2868 strain, containing an integrated lag-2p::GFP plasmid, was used to congenerated by fragment swapping. fbl-1 (k201, ⌬D) and fbl-1 (k206, ⌬D) were constructed by deleting the fragment downstream of the struct animals with GFP-labeled DTCs. A deletion mutant, fbl-1(tk45), was isolated by the trimethylpsoralen and UV irradiation 14th intron of fbl-1(k201) and fbl-1(k206), respectively. The fbl-1 (k201, ⌬C) and fbl-1 (k206, ⌬C) genes were constructed by sitemethod [ 
